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                            Abstract

   Among  284 n-paraMn  assimilating  yeast strains  isolated from  soil,  21 strains  showed

gooci growth  in n-paraflin  medium  at  comparatively  high temperature  (37eC) in shaldng

culture.  One  of  them gave 95.5% cell yield against  n-paraMn  added  to modium  and

the oells  had a  protein content  of 61.8% in jar fermenter studies.  Taxonemical  stqdies

showed  that  al1 thc 2! strains  belonged to the  gcnus Cdndicla. including ene  new  species.

These are  1 strain  ef  C. kaLfieensis nov.  sp.,  12 strains  of  C. tropiicalis, 2 strains  of  C. atbicans,
2 strains of CL suldni. 1 strain of  C. knLsei, l strain of  C. intermedia, 1 strain  of  C. reEgosa  and

1 strain  of  CL Parapsilesis,

                                 introduction

    It is very  advantageous  to be able  to cultivate  microorganisms at  high temperature
for industrial microbial cell  preduction, because a  Iarge difference in temperature  between
cooling  water  and  fermentation medium  can  remove  eMciently  the  heat formed during
fermentation. It is especially  profitable in the  case  of  cell  production from n-paraMn,

because hydrocarbon fermentation liberates far more  heat than  conventional  fermentation
using  carbohydrate  as  substrate.i)  

'

    Up  to date, many  n-paraffln  assimilating  yeast strains  have been isolated from natural

seurces  or  found in stock  culture  collections,  and  their abilities  to assimilate  n-paraMns

have been reported.  However,  cultivation  temperatures  were  around  30eC, and  there

are  few reports  dealing with  the  importance of  high cultivation  temperature  in hydrocarbon
fermentation. Although th ¢  temperature  of  industrially available  cooling  water  depends
on  the  place and  the season,  we  consider  that  there is suMcient  difference in temperature

between cooling  water  and  fermentation medium  to  cool  the  medium  during' fermentation
at  37ea

    Iizuka et at.2,3) reported  that  Cdndida nrgasa  JF-1 14 showed  the  best grrowth in hydro-
carbon  medium  at 28eG among  strains  isolated by  thcm.  In our  studies,  this strain  also

gave the  best growth of  our  stock  cultures  in n-paraMn  medium  at 300C, but thcre was  no

growth at  S70C. Therefbre we  tried to isolate yeast strains  from soil  which  can  grow at

370C  in n-paraMn  medium.  Among  284 strains  isolated by us,  21 strains  showed  almost

the same  or  better growth  in n-paraffin  medium  at  37eC in shaking  culture.than  C. rugesa

JF-l14 at 300C. Injar fermenter studies  ofthe  21 strains, the cgll yield against  n-paraffin

added  to the  medium,  and  protein content  of  the  cells  wgre  determined. One  of  them

gave good cell yield and  high protein content.

    Taxonomical 
'studies

 showed  that all the 21 strains  belonged to the'genus  thndida,
including one  new  species. In this paper, the resuks  ef  isolation, ,cultivation and  taxo-
nomical  studies  are  described.
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Material$and  Methods

   Microorganisms  Ctv:dide ragesa  JF-1142,B) was  supplied  as  a  gcK)d n-paraffin  assimilating  yeast by
The  Institute ofApp!ied  Microbiology and  preserved in oiir laboratory. n-ParaMn  assimilating  yeasts grown
at  S7"C  were  isolated from soil samples  in Japan by  enrichm ¢ nt  culture  methods  or  the sprink1ed  soil  plate
mcthod.

  n-Paraffin  and  media  A  mixturc of n-paraffins  produced  by  Nikko Petrochemicals Co., Ltd., was
used.  Table  1 gives the composition  of  the  n-paraMn  mixturc.  The  media  used  for isolation and  ocll  pro-
duction cu1ture  are  shown  in Table  2.

  Isolation and  culture  conditions  The enrichment  culturc  mcthod  by shaking  culture,  and  the
sprinlded  soil plate method  diffbred from  thosc  described by  Takahashi, Kawabata and  Yamada4} only  in the
isoration media  and  cultivation  temperature.  Cultivation temperatm  was  37"C in our  studies.  Another
enriclmicnt  culture  method  using  ajar  fermenter was  also  carried  out.  Fifty soil  samples  were  simultaneously

added
 
to

 a  10tjar fermenter and  incubated for several  days at  37eC. After two  subcultures,  n-paraMn  as-

similating  yeasts 
'were

 iselated by  the  usual  monocolony  isolation method.

  Grewth  studies  were  carried  out  in shaking  flasks or  in 10tjar  fermcnters. The  reciprocal  shakers  were
run

 
at

 a  
rate

 of  120 rpm  at  37ea. Jar fetTnenters were  operated  with an  agitation  speed  of800  rpm,  an  aeration
rate  of1vvm,  and  pH  control  with  aqucous  ammonia.

Table  1.Composition  of n-paraMn  mixture.

Table 2.Compesitiori  of  isolation and  production media.

Isolationmedium Production medium

n-Paraflin

(NH`)sS04
K2HP04

KH2P04

MgSOe7HzaO

NaCnCaCl2`2H20

FeS04-7H20

(NH4)zMo04-
CihIoramphenicol

3.oo %  (vlv)
O.20 %  (wtv)
O. 08 %O.02

 %O.02
 %O.02
 %O.05
 %O.

 oo5 %O.
 oo5 %O.
 oo2 %

rnParaMn

(NH2)2CO
(NH4)2HP04
KaMgS04･7H20

NaClFeS04･7H20

ZnS04'7HaO

Molasses

3. ooO.
 38e.
 eoO.08O.06O.

 OlO.
 oo1O.

 oo1O.
 10

%%%%%%%%%(vlv)<wlv)

a)b)c)d)Composition of  n-paraMn  is shown  in Tabre  1.
Initia1 pH  was  5,O.
Agar  was  add  to the isolation medium  for sprinkled  soil  plate method.
(NH4)sS04 O,20% was  used  instead of  (us)2CO  O.38% for the production
medium  injar fermenter. 

'
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   Determimation  of  cell  production  in sliaking  culture  After the culture  broth had  been  centrifuged,

both sedimented  cells  and  floating cells  with  unassimilated  n-paraMn  were  collected  using  a  pre-weighed filter

and  washed  first with  acetone-and  then  n-hexane.  The  filter containing  cells  was  dried at  120eC  for 2 hr

and  weighed.

   Detemination  of  cell  yield in jar fermenters  Cultivation was  stopped  after  the  n-paraMn  had

completcly  been  used.  All of  the cells  in the  fermcnter were  centrifugod,  washed  with  water,  dried and  weighed.
                                     '

Cell yield  was  calculated  as  fo11ow:

Cell yield=  weiWeight
 of  dried cells  (g)

ght of  n-paraMn  added  (g)
× 100 (%)

   Determination of  protein  content  of  cells  Protein content  was  calculated  by rnultiplying  the

nitrogen  content  by  6.25.

   Identification of  yeasts  The  experimental  methods  were  mainly  those  described by  Lodder  and

Kreger-van Rij,S) Lodder  et  at.6) and  Iizuka and  Goto.7) The  results  were  discussed according  to the system
ef  Lodder et  al.6)

Results and  Discussion

    Screening of  n-paraffin  assimilating  yeasts From  soil  samples,  284 n-paraffin

assimilating  yeast strains  grown  at  370C were  isolated. Arnong  them, 21 strains  showed

almost  the  same  Qr  better growth in n-paraMn  medium  at  370C  by shaking  culture  than

C. ngesa JF-114 at  300C. The  cell  production in shaking  culture,  cell  yields against

n-paraffin  added  to the  medium  in iar fermenter studies,  and  protein content  of  the  cells

are  shown  in Table  3.

    Strain MT-Y-8  showed  the  best cell  yield and  highest protein content  among  the

21 strains.  As the  strain  is considered  to be usefu1  for industrial cell  production from
n-parafiin,  a  forthcoming paper  will  describe the  growth conditions  and  the posibility of

industrial yeast cell production of  this strain.S,9)

    Although the  cell  yield and  protein content  of  strain  MT-Y-1  were  both lower than
those of  the strain  M[[LY-8, this strain  is worthy  of  attention  because it produced wel1
developed mycelial  cells  when  grown  in n-paraMn  medium.  This means  easy  separation

of  the cclls  from cuitured  broth. Strains MT-Y-2  and  MT-Y-3  showed  almost  the same

cell  yields･ as  strain  MT-YL8. However, the  protein content  of  the  cells  was  very  low.
There were  3 strains  which  were  very'foamy  during fermentation and  2 strains  which

produced  extraodinarily  bad odor.  Other strains  had no  special  characteristics  from
the  industrial view peint.
    Ident{fication of  the  21 n-paraffin  assimilating  yeast  strains  which  grew
well  at  37eC These 21 strains  reproduced  by multiIateral  budding and  did not  form
balistospores, ascospores,  teliospores or  arthrospores.  The  vegetative  cells  were  not  tri-

angular  or  
"ogival".

 They  did not  produced strong  acetic  acld  from glucose or  starch-like

compounds.  The  streak  cultures  were  not  pigrnented. Pseudomycelia were  formed.
Some  of  the strains  formed true  mycelia.  They  were  all confirmed  to belong to the  genus
Clandida. According to the morphological  and  physiological sYudies,  these 21 strains

were  classified  into 8 species  including one  new  species.  However,'more than  halfofthem

(12 strains)  were  identified as  a  troPicatis. The  other  9 strains  were  identified as  CL solani

(2 strains),  C. albicans  (2 strains), C. krtLsai (1 strain), C. intermedia (l strain), C. rtrgosa  (1
strain), C. pampst-lesis (1 strain),  and  a  new  species  ofgenus  thndida. The  species  name  of

each  strain  is also shown  in Table 3.

    The  properties of  the  12 strains  which  were  identified as  C. tsopicatis agreed  well  with
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Table3.  Resultsofscreening

Stra{n Species
  Cc]1production

(gllOO ml)Cel]yield(%)Proteincontent (%)
Netes

INfir-Y-1

MT-Y-2
MT-Y-3

MT-YL4

MT-Y-5

MT-Y-6
MT-Y-7

MT-YSMT=Y-9

MT-Y-10

MT-Y-1  1

MTLY-l2
MT-Y-l3

MT=YTI4
MT-YL-15

MT-YL16
MT-Y-17

MT-Y..18

MT-Y-19
MT-Y-20

MT-Y--21

JF-1!4

C2xndidZi tropdealis .

C. selaniC.
 solaniC.

 t,zubicalis

C. trePicatds

C. t,opdealis

C. tropicatis
C. kofuensis
C. intervnedia

C. tropicalts
C. mpicalts
C. krttsofC.

 t,opicalis

C. rtrgosaCi

 trptaliS

C. Parmpsilesis
C. tropicatis

C. albicans

C. tropicalis

a  tropicads

C. albicatts

C. ngosa

1.33    .1.

 301.

 211.
 391.311.121.351.

 381.
 321.
 321.

 251.

 161.121.

 601.

 161.321.

 411.

 351.241.

 261.

 261.18

88.094.693.376.373.586.076.495.583.070.382.0M.371.376.273.073.073.479.679.075.781.087,856.339.844.756.0ss.856..953.661.853.154.157.458.851.350.649.955.450.751.650.951.153.4M.6Mycelial cell  
'

Foamy

Bad  odor
Foarfiy

Faamy

Bad  odor

      
All

 
the

 strains were  
cultivated

 at  37eC except  strain  JF-1 14. JF-1 14 was  cultivated  at  30eC. ,

the standard  description given by Lodder et  al.6) except  fbr strain  MT=Y-1.  The  physio-
logical properties of  strain  MT-Y-1  agreed  approximatcly  with the  standard  description,
but some  of  the  morphological  properties difll)red from it and  from  those of  the  other
C. trvpicalis strains.  Namely, this strain  had a  distinctively tomentose  appearance  over
the whole  colony.  The strain  MT-YLI  was  also  characterized  by well  developed mycelia
when  grown  in n-paraMn  medium  in contrast  to the other  C. tvopdealis strains.

    Strain MT-YL-8  could  not  be identified as  any  known  species  described in the literature.
Although the physiological and  morphological  properties of  this strain  seemed  to be similar
to those  of  Chndi4b tenuts, some  significant  differences were  found in the  fermentation and

the assimiIation  of  carbon  sources  and  the  maximum  temperature  for growth. It was,

therefore, considered  to be a  new  species  of  thndida and  we  propose to name  it Candidu
kofuensis as  it was  isolated in Kofu City..

    Description  of  Cdndida  kofuensis
'CZindida

 koLtieensi's (foto et Asai, nov.  sp.

    Cultura in extracto  malti;  Ad  250C, post 3 dies cellulae  globosae, longi-ovales ver

elongatae,  1.5-2.5 × 1.5-8.5 ptm, singulae,  binae et  catenatae,  myceiium  verum  formatur;
peMcula et sedimentum  formatur.

    Cultura in agaro  malti:  Cultura in striis post unum  mensem  ad  17eC mucose  et
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plicata, color  cremeus,  pagina rugosa  et opaca,  margo  integer, pseudomycelium et  mycelium

veru'm  formatur.

    Fermentatio: Glucosum exigue.
    Assimilatio originum  carbinu  : Glucosum, galactosum, L-sorbosum,  maltosum,  sucrosum,

ce!lobiosum,  trehalosum, ,lactosum, 
･melezitosum,  inuljnum, D-xylosum,  L-rharnnosum,

glycerolum, ethanoleum,  i-erythritolum, adonitolum,  dulcito!um, D-mannitolum,  D-sorbito-

lum, alphamethylglucosidum,  salicinum,  glucono-S-lactonum, calcium-2-ketogluconatum,

kalium-5-ketbgluconatum, acidum  lacticum, acidum  succinicum,  acidum  citricum  et

i-inositolum assimilantur,  at  non  melibiosum,  rafinosum,  amylum  solubile,  L`arabinosum,

D-arabinosum,  nec  D-ribosum.

    Kalium  nitricum  assimilatur,  amylosum  non  formatur, arbutinum  non  finditur.

    Temperatura rnaxima  crescentiae  46eC.
    Habitat in solo.

Typus: in solo,  Japenia, Yamanashi  Prov., Kofu, 9.i.1969, cultura  in tobo  no.  MT-Y-8.

    Growth  in ma'lt  extract:  After 3 days at  25eC, cells  are  globose long-oval to elongate,

1.5-2.5× l.5--3.5psm, single,  in short  chains.  True mycclium  is also  formed. Pellicle
and  sediment  are  formed.

    Growth  on  malt  agar:  After one  month  at  170C, the streak-culture  is cream-colored,
dull mucoid,  folded and  entire  at  the  margin.

    Culture on  glass slide:  The  pseudomycelium is well  developed, true  mycelium  is also

formed.

    Fermentation:  D-Giucose  is fermented. D-Galactose,  saccharose,  maltose,  !actose and

raMnose  are  not  fermented.

    Assimilation of  carbon  compounds:  D-Glucose,  galactose, L-sorbose,  maltose,  sucrose,

cellobiose,  trehalose, lactose, melezitose,  ipulin, D-xylose,  L-rhamnose,  glycerol, ethanol,

i-erythritol, adonitol,  dulcitol, D-mannitol,  D-sorbitol,  aLmethylo-glucoside,  salicin,

glticono-S-lactone, Ca-2-keto-glucenate, K-5-keto-gluconate, DL-lactic  acid,  succinic  acid,

citric  acid  and  i-inositol are  assimilated.  Melibiose, raMnose,  soluble  starch,  L-arabinose,

D-arabinose  and  D-ribose  are  not  assimilated.

    Assimilation of  nitrogen  compounds:  Peptone, ammonium  sulfate,  asparagine  and

urea  are  assimilated.  Potassium nitrate  is net  assimilated.

    Splitting of  arbutin:  Negative.

    Reaction in litmus-milk: No  change.

    Production of  starch-like compeunds:  Negative.

    Gelatin liquefaction: Negative.

    Vitamin requirement  for growth: None.

    Temperature  range  for growth: 17=l6eC.

    Collection examined:  Soil sample  from  Kofu  City, Yamanashi  Prefecture.

    Culture MTLY-8  is the type  strain  of  this species.
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